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DESCRIPTION 

RADIO COMMUNICATION SYSTEM, FREQUENCY ALLOCATION METHOD 
AND FREQUENCY ALLOCATION DEVICE 

5 

Priority And Cross Reference To Related Application 
[0001] This is a continuation of U.S. Application Serial No. 09/446,295 filed 

December 17, 1999 (United States Patent No., ), which is incorporated 

by reference herein in its entirety. 

10 Technical Field 

[0002] The present invention relates to a radio communication system composed of 

the communication equipment of a plurality of different businesses, and a frequency 
allocation method and frequency allocation device therefor. 

Background Art 

[0003] Cellular radio communication systems are generally used as mobile phone 

systems due to their ability to cover wide service areas. In these cellular radio 
communication systems, a plurality of base stations are arranged in a service area 
separately, and these base stations form a multitude of cells (zones) for covering the 
entire service area without gaps. In these cells, mobile stations can communicate 
with other parties by using base stations. 

[0004] Businesses which offer this type of mobile communication system are 

preassigned specific frequency bands. In each cell of a radio communication system, 
communication is performed between the mobile stations and base stations by using 
communication channels in these frequency bands. 

[0005] Recently, the CDMA (Code Division Multiple Access) system has received 

attention as a radio communication system between mobile stations and base stations. 
In such CDMA radio communication systems, mobile stations and base stations 
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perform a spread spectrum process using spreading codes on the signals to be 
transmitted, and these spread signals are transmitted to the other party. Here, 
different spreading codes are assigned to a plurality of mobile stations which perform 
communications at the same time. Therefore, in CDMA radio communication 
5 systems, a plurality of mobile stations in the same cell or in a plurality of adjacent 

cells can use the same frequency for communicating radio signals with the base 
stations. 

[0006] Fig. 7 shows an example of cell groups in a CDMA radio communication 

system. In this CDMA radio communication system, four kinds of frequency fl, f2, 

10 O and f4 are provided as communication frequencies for communications between 

the mobile stations and a base station in a cell. However, the use of these four 
communication frequencies does not necessarily have to be allowed in every cell. 
For example, it is possible to allow the use of the communication frequencies fl-f4 in 
places with heavy traffic such as in a city center, and to allow the use of only the 

15 communication frequency fl in places with light traffic such as in outlying areas, 

then sequentially add the available communication frequencies in the order of 
communication frequencies f2, D and f4 as the need arises in response to increases in 
traffic. 

[0007] Fig. 8 shows an example of a map of the system capacity in a case where the 

20 number of available communication frequencies in each cell is increased in going 

from the outlying areas toward the city center. In each cell, a plurality of 
communication channels in the same frequency band can be used by using spreading 
codes which differ by the mobile station, whereby large amounts of traffic can be 
handled. The amount of traffic capable of being handled at the same time, i.e. the 
25 system capacity of each cell, depends on the number of available frequencies in each 

cell. Therefore, if the required system capacity becomes larger in the city center and 
smaller in approaching the outlying areas, then the number of available 
communication frequencies in each cell should be made smaller in going from a city 
center toward outlying areas as shown in Fig. 8. In the example shown in Fig. 8, the 



same communication frequency fl can be used over the entire area. In this case, 
there is no need to switch the communication frequency being used due to movement 
between cells, and it is sufficient to switch the spreading codes, so that 
communication interruptions can be minimized. 

(0008] Fig. 9 shows an example of a plurality of communication frequency bands in a 

specific frequency band allotted to a certain business in a CDMA radio 
communication system. 

[0009] These communication frequency bands are arranged upon the frequency axis 

at frequency band gaps of Bl, B2, . . . The frequency band gaps Bl, B2, . . . can be 
the same value. The mobile stations and base mobile station exchange radio signals 
with other parties by using one of these communication frequency bands. 

[0010] However, if for example non-linear distortion or the leakage occurs when a 

radio signal in a certain communication frequency band is amplified and output by a 
transmission power amplifier in a mobile station, a leakage signal will appear in the 
communication frequency band adjacent to that communication frequency band 
(hereafter referred to as adjacent frequency band). 

[0011] As shown in Fig. 10, the power of leakage signal is usually strongest in the 

adjacent frequency bands, and becomes extremely weak in the next adjacent 
frequency bands. 

[0012] Leakage signals with large powers influence reception operations of mobile 

stations and base stations using the adjacent frequency bands. Here, the mobile 
stations and base stations have reception filters for attenuating such leakage signals 
from adjacent frequency bands. However, unless the attenuation properties outside 
the bands of the reception filters are sufficient, the influence of interference from the 
adjacent frequency bands (hereafter referred to as adjacent channel interference) 
becomes large. 

[0013] This adjacent channel interference causes reductions in the reception 

sensitivity and intermixture of noise in the mobile stations and base stations. For this 
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reason, a guard band G is provided for suppressing adjacent channel interference 
between the communication frequency bands as shown in Fig. 1 1 . 

[0014] The width of this guard band G affects the system capacity of the radio 

communication system. 

5 [0015] More particularly, the theoretical system capacity S can be obtained by the 

following formula (1). 

S-C(W-KG)/D=CN ... (1) 

[0016] In the above formula (1), C denotes the number of communication channels 

capable of using the same communication frequency band, W denotes the bandwidth 
10 of the entire frequency band allotted to a mobile communication service business, K 

denotes the number of guard bands provided in this frequency band, G denotes the 
bandwidth of each guard band, and N denotes the number of communication 
frequency bands. 

[0017] As shown in Fig. 12, the system capacity S can be made larger if the guard 

1 5 band G is narrower because the number N of the communication frequency bands can 

be made larger. However, if the guard band B is narrow, then the amount of adjacent 
channel interference becomes large. Furthermore, if the guard band G are too 
narrow, then the use of communication channels which are influenced by adjacent 
channel interference is restricted, so that the system capacities will be conversely be 
20 reduced. 

[0018] On the other hand, if the guard bands G are made wide as shown in Fig. 13, it 

is possible to keep the adjacent channel interference small. However, in this case, the 
system capacity S will be reduced. 

[0019] In order to suppress the adjacent channel interference and retain the necessary 

25 system capacity, it is necessary to provide ways of suppressing adjacent channel 

interference without depending on only the method of widening the widths of the 
guard bands G. 



[0020] For this reason, conventional cellular radio communication systems suppress 

adjacent channel interference by performing transmission power control to keep the 
transmission output of the transmission power amplifier circuits of the mobile 
stations and base stations as low as possible within a range such as to maintain the 
necessary communication quality. 

[0021] For example, in Fig. 14, when a mobile station is near a base station and the 

quality of reception signals from the mobile station in the base station is high, then 
the transmission power of the mobile station is made low. On the other hand, if the 
mobile station is far from the base station and the quality of the reception signals 
from the mobile station in the base station is low, then the transmission power of the 
mobile station is made high. 

[0022] There are cases in which a plurality of businesses provide mobile 

communication services in the same or overlapping service areas. In this case, the 
businesses share the use of the frequency bands offered for those services. Figs. 
15(a) and (b) show examples thereof. First, in the example shown in Fig. 15(a), the 
frequency band offered for a mobile communication service is divided into three 
parts, and the divided frequency bands are allotted respectively to the businesses A, B 
and C. Additionally, in the example shown in Fig. 15(b), a frequency band offered 
for a mobile communication service is shared by the businesses A and B. Each 
business provides communication services using the allotted frequency band. 

[0023] Here, transmission power control is performed in the base stations and mobile 

stations adapted for each business, as a result of which the effects of adjacent channel 
interference are minimized. 

[0024] However, when a plurality of businesses offer mobile communication services 

in an overlapping service area, there are cases in which adjacent channel interference 
of a considerable interference level occurs between different businesses and this 
cannot be sufficiently suppressed even if transmission power control is performed by 
both the base stations and mobile stations adapted to the respective businesses. 
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[0025] Herebelow, a typical example wherein the problem of adjacent channel 

interference between different businesses occurs shall be explained. 

[0026] In Fig. 16, the base station 20A is a communication installation of business A, 

and the base station 20B is a communication installation of business B. Additionally, 
5 the cell 1 OA is a cell formed by base station 20A and the cell 1 OB is a cell formed by 

base station 20B. Furthermore, the mobile station 30A is a mobile station of a user 
contracted with business A and the mobile station 30B is a mobile station of a user 
contracted with business B. 

[0027] As shown in Fig. 16, the base station 20A of business A is located at the edge 

10 of the cell 10B formed by the base station 20B of business B. When the base stations 

of different businesses have this type of geographical relationship, adjacent channel 
interference of a larger interference level than that which occurs within the same 
business can occur. 

[0028] Suppose a case in which the mobile station 30B is in communication using a 

15 communication channel adjacent to a frequency band allotted to business A as shown 

in Fig. 16. 

[0029] In this case, the mobile station 30B may transmit at maximum power in the 

vicinity of the base station 20A of business A in order to make the transmission 
signal reach the base station 20B which is far away. 

20 [0030] At this time, the uplink transmission signal transmitted by the mobile station 

30B includes, in addition to a signal corresponding to the uplink channel allotted to 
the mobile station 30B, a leakage signal in a channel adjacent to this uplink channel, 
i.e. in the communication channel used by the base station 20A of business A. This 
leakage signal interferes with base station 20A of business A. The mobile station 

25 30A which is present in cell 10A must then increase the transmission power in order 

to compensate for decreases in the communication quality due to the effects of this 
interference. 



-7- 



[0031] If the mobile station 30A moves to the edge of cell 10A as shown in Fig. 16, 

the mobile station 30A must raise the transmission power in accordance with the 
distance to the base station 20A. 

[0032] However, as shown in Fig. 16, if the mobile station 30A is far from the base 

5 station 20A and the mobile station 30B which is outputting a leakage signal which 

causes adjacent channel interference is located in the immediate vicinity of the base 
station 20A, adjacent channel interference of an extremely high level will influence 
the communications between the mobile station 30A and the base station 20A. 

[0033] In this case, even if the transmission power of the mobile station 30A is at 

1 0 maximum, there is a possibility that the effects of the adjacent channel interference 

due to the leakage signals from the mobile station 30A will not be able to be reduced. 

[0034] Generally speaking the number of both mobile stations and base stations is 

large. Additionally, the mobile stations in a service area move arbitrarily. 

[0035] Therefore, decreases in the system capacity due to adjacent channel 

1 5 interference are manifested in increases in the proportion of parts of service areas in 

which a predetermined quality cannot be obtained or in increases in the proportion of 
time during which a predetermined quality cannot be obtained at the same location. 

[0036] In order to gain the reliance of mobile communication service users, it is 

necessary to reduce the proportion of area or time during which this predetermined 
20 level of quality cannot be obtained. 

Disclosure Of The Invention 
[0037] The present invention has been achieved in view of the above-described 

considerations, and has the object of reducing the interference of leakage power 
generated between adjacent communication frequency bands of different businesses 
25 and to suppress large decreases in system capacity in cellular radio communication 

systems wherein specific frequency bands are allotted to a plurality of businesses. 

[0038] In order to achieve the above object, the present invention provides a 

frequency allocation method in a cellular radio communication system in which a 
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plurality of businesses are apportioned a predetermined frequency band and each 
business provides radio communication services using a frequency band apportioned 
thereto. In the frequency allocation method, within the frequency band apportioned 
to each business an adjacent frequency band adjacent to a frequency band allotted to 
5 another business is allotted to low power communications, and a non-adjacent 

frequency band which is not adjacent to a frequency band allotted to another business 
is allotted to high power communications. 

[0039] According to the present invention, non- adjacent frequency bands which are 

not adjacent to frequency bands allotted to other businesses are allotted to high power 
10 communications and adjacent frequency bands adjacent to frequency bands allotted 

to other businesses are allotted to low power communications, so as to enable 
reductions in the interference due to leaked power in channels which are adjacent 
between one business and another. 

Brief Description Of The Drawings 
15 [0040] Fig. 1 is a diagram showing the structure of a radio communication system 

according to a first embodiment of the present invention. 

[0041] Fig. 2 is a diagram showing a frequency allocation method according to the 

same embodiment. 

[0042] Fig. 3 is a block diagram showing the structure of a base station of a radio 

20 communication system according to a second embodiment of the present invention. 

[0043] Fig. 4 is a block diagram showing the structure of a frequency allocation 

device according to a modification example of the same embodiment. 

[0044] Fig. 5 is a diagram showing a frequency allocation method in a radio 

communication system according to a third embodiment of the present invention. 

25 [0045] Fig. 6 is a diagram showing a frequency allocation method in a radio 

communication system according to a fourth embodiment of the present invention. 
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[0046] Fig. 7 is a diagram showing an example of a frequency arrangement in a 

cellular radio communication system. 

[0047] Fig. 8 is a diagram showing the relationship between frequency arrangement 

and system capacity in a cellular radio communication system. 

5 [0048] Fig. 9 is a diagram showing an example of a plurality of communication 

frequency bands provided in a frequency band for communication services. 

[0049] Fig. 10 is a diagram for explaining adjacent channel interference which occurs 

due to leakage signals during transmission. 

[0050] Fig. 1 1 is a diagram showing an example of a communication frequency band 

10 arrangement for a case where guard bands are provided for prevention of adjacent 

channel interference. 

[0051] Fig. 12 is a diagram showing an example of a communication frequency band 

arrangement for a case where guard bands are made narrow. 

[0052] Fig. 13 is a diagram showing an example of a communication frequency band 

1 5 arrangement for a case where guard bands are made wide. 

[0053] Fig. 14 is a diagram for explaining transmission power control performed for 

prevention of the effects of adjacent channel interference. 

[0054] Figs. 15A and 15B are diagrams showing examples of cases in which a 

plurality of businesses provide communication services by being apportioned a single 
20 frequency band. 

[0055] Fig. 16 is a diagram for explaining adjacent channel interference which occurs 

between two mobile stations belonging to different businesses. 



Best Modes For Carrying Out The Invention 
[0056] Herebelow, embodiments of the present invention shall be explained with 

25 reference to the drawings. 
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<First Embodiment 

[0057] Fig. 1 is a diagram showing the structure of a radio communication system 

according to a first embodiment of the present invention. In this radio 
communication system, businesses A, B and C offer mobile communication services. 
Additionally, this radio communication system is a CDMA (Code Division Multiple 
Access) mobile communication system. 

[0058] In Fig. 1, mobile communication switching station 2A and base station 3A are 

communication installations for business A, mobile communication switching station 
2B and base station 3B are communication installations for business B and 
communication switching station 2C and base station 3C are communication 
installations for business C. Although each business has many base stations and 
mobile communication switching stations aside from those shown in the drawings, 
these are not shown in the drawings in order to prevent the drawings from becoming 
overcrowded. 

[0059] Additionally, in Fig. 1, mobile station 4A is the mobile station of a user 

contracted with business A, mobile station 4B is the mobile station of a user 
contracted with business B and mobile station C is the mobile station of a user 
contracted with business C. The user contracted with business A can perform 
communications with other parties using with the communication installations of 
business A and with the mobile station A. The same is true of the users contracting 
with businesses B and C, and they can communicate with other parties using with the 
communication installations of the businesses with which they are contracted. 

[0060] The service areas of the businesses mutually overlap. Each business has the 

above-mentioned base stations spread thoroughly over the respective service areas in 
order to offer mobile communication services. For this reason, there are cases in 
which the base stations of respective businesses are positioned close together, so that 
the cells corresponding to base stations of different businesses overlap. For this 
reason, the problem of adjacent channel interference between different businesses 
will occur unless some countermeasure is taken. 
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[0061] Therefore, in the communication installations and mobile stations 

corresponding to each business in the present embodiment, communication frequency 
bands adjacent to frequency bands allotted to other businesses are allotted to low 
power communications, and other communication frequency bands (except them) are 
allotted to high power communications. 

[0062] This frequency allocation method can be explained as follows with reference 

to Fig. 2. 

[0063] In the example shown in Fig. 2, communication frequency bands Al, A2, A3 

and A4 are among the frequency bands allotted to business A. In the cells 
corresponding to business A, any of the communication frequency bands Al, A2, A3 
and A4 can be selected for use as communication channels for communications 
between the base stations and mobile stations. Additionally, in each cell, it is 
possible to simultaneously perform radio communications using the same 
communication frequency band by having a plurality of mobile stations use different 
spreading codes. 

[0064] Here, the communication frequency band Al which has the lowest frequency 

among communication frequency bands A2, A2, A3 and A4 is adjacent to the 
communication frequency band B4 of business B, and the communication frequency 
band A4 with the highest frequency is adjacent to the communication frequency band 
CI of business C. Hereafter, these communication frequency bands are called 
adjacent frequency bands for the sake of convenience. 

[0065] In the radio communication system according to the present embodiment, 

these adjacent frequency bands Al and A4 are favored for allocation to low power 
communications. 

[0066] On the other hand, the communication frequency bands A2 and A3 are far 

from the frequency bands of the other businesses B and C. Hereafter, these 
communication frequency bands are called non-adjacent frequency bands for the sake 
of convenience. 
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[0067] In the radio communication system according to the present embodiment, 

these non-adjacent frequency bands A2 and A3 are favored for allocation to high 
power communications. 

[0068] The cells corresponding to the other businesses B and C are treated likewise. 

That is, in the cells corresponding to business B, the adjacent frequency band B4 is 
favored for allocation to low power communications, while the non-adjacent 
frequency bands Bl, B2 and B3 are favored for allocation to high power 
communications. Additionally, in the cells corresponding to business C, the adjacent 
frequency band CI is favored for allocation to low power communications and the 
non-adjacent frequency bands C2, C3 and C4 are favored for allocation to high power 
communications. 

[0069] Since the frequencies are allotted by this method in the cells corresponding to 

each business in the present embodiment, the transmission power will be low when 
an adjacent frequency band which lies adjacent to that of another business is used for 
communications. 

[0070] For this reason, if for example, the base stations corresponding to businesses 

A and B and two mobile stations which are performing radio communications with 
the base stations are in the situation shown in the above-mentioned Fig. 16, and the 
two mobile stations are communicating respectively on the adjacent frequency bands 
Al and B4, the level of interference due to adjacent channel interference can be held 
low because the transmission powers of these communications performed by each 
mobile station will be low. Additionally, while control is performed to increase the 
transmission power of each mobile station if the adjacent channel interference is 
high, the transmission output of each mobile station is originally low, so that the 
amount of increase of the transmission power can be made large, so as to effectively 
prevent the effects on quality caused by adjacent channel interference generated 
between different businesses. 
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[0071] While a system managed by three businesses was given as an example in the 

above-described embodiment, the present invention can of course be applied to 
systems with four or more businesses, 

[0072] Additionally, in the embodiment described above, the lowest communication 

5 frequency band Bl of the business B and the highest communication frequency band 

C4 of the business C were allotted to high power communications because they were 
non-adjacent frequency bands which were not adjacent to frequency bands of other 
businesses. However, it is possible to allocate these non-adjacent frequency bands 
Bl and C4 to low power communications in consideration of the possibility of 
1 0 introducing new businesses. 

<Second Embodiment 

[0073] Various embodiments can be created according to the definitions of low 

power communication and high power communication in the above-described first 
embodiment. 

1 5 [0074] In the present embodiment, low power communications mean the transmission 

of uplink transmission signals by low power mobile stations, and high power 
communications mean the transmission of uplink transmission signals by high power 
mobile stations. 

[0075] Here, as examples which correspond to low power mobile stations, there are 

20 mobile phones for voice communication, and as examples which correspond to high 

power mobile stations, there are car mobile stations having high-speed data 
communication capabilities. 

[0076] In the present embodiment, when a mobile station lies inside a certain cell, the 

base station of that cell or a mobile communication switching station at a higher level 
25 discriminates whether that mobile station is a high power mobile station or a low 

power mobile station. Then, the base station or mobile communication switching 
station preferentially allots the above-mentioned adjacent frequency bands as uplink 
channels for transmitting uplink transmission signals when the mobile station is a low 



- 14- 



power one, and preferentially uses the above-mentioned non-adjacent frequency 
bands when the mobile station is a high power one. 

[0077] This type of frequency allocation method can be achieved, for example, by 

having a mobile station transmit information indicating the magnitude of the 
transmission output to the base station when a mobile station lies in a cell, such that 
the base station can determined the level of the transmission power of the mobile 
station based on this information. 

[0078] Fig. 3 shows the structure of a base station for achieving this frequency 

allocation method. This base station comprises a transceiver 100 for performing 
transmission and reception of radio signals with a mobile station, and a control device 
200. Here, the control device 200 includes a device (not shown) for controlling each 
part of the base station including the transceiver 100, as well as a frequency 
allocation device 300 for allocating communication frequencies with respect to the 
mobile station. This frequency allocation device 300 includes a power distinguishing 
portion 301 and a frequency determining portion 302. 

[0079] As described above, a mobile station which enters into the cell formed by this 

base station transmits information indicating the magnitude of the transmission power 
to the base station. This information is received by the transceiver 100 of the base 
station, and is supplied to the frequency allocation device 300. The power 
distinguishing portion 301 in the frequency allocation device 300 determines whether 
the mobile station is a high power mobile station or a low power mobile station based 
on the information received from the mobile station. Then, the frequency 
determining portion 302 determines a communication frequency band corresponding 
to the results of the determination by the power distinguishing portion 301, and sends 
the transceiver 100 a frequency allocation instruction to allocate the communication 
frequency band to that mobile station. The transceiver allots an uplink channel to the 
mobile station in accordance with these frequency allocation instructions. Aside 
from taking this type of allocation method, it is also possible to judge whether the 
mobile station is a high power mobile station or a low power mobile station based on 
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mobile station information accumulated in a network database, and to allocate an 
uplink channel thereto according to the results of this judgment. 

[0080] There are cases in which the traffic corresponding to mobile stations with low 

transmission powers becomes larger than the traffic corresponding to mobile stations 
with high transmission powers. 

[0081] If the frequency allocation is performed by the method according to the 

present embodiment in such cases, the traffic on adjacent frequency bands will 
become heavy, and the traffic on non-adjacent frequency bands will become light. 

[0082] However, if the traffic is light on the non-adjacent frequency bands and there 

is room to set up communication channels in the non-adjacent frequency bands, it is 
more desirable to allow use of the non-adjacent frequency bands without regard to 
the transmission power of the mobile station in order to prevent adjacent channel 
interference between businesses. 

[0083] Therefore, in a preferable modification example of the present embodiment, if 

the traffic using non-adjacent frequency bands is light and there is room to set up 
communication channels in the non-adjacent frequency bands, then non-adjacent 
frequency bands are also allotted to mobile stations with low transmission powers. 

[0084] Of course, in this method, the frequency allocation to mobile stations with 

higher transmission powers is given higher priority than to mobile stations with lower 
transmission powers when there is enough traffic of mobile stations with high 
transmission powers to fill up the non-adjacent frequency bands. 

[0085] In order to achieve the frequency allocation method according to this 

modification example, the frequency allocation device shown in Fig. 4 is provided 
inside the control device in the base station. In this frequency allocation device, a 
traffic monitoring portion 303 is added to the frequency allocation device of Fig. 3 
described above. 

[0086] In this modification example, the system capacity of non-adjacent frequency 

bands is predetermined by means of methods such as simulations. Then, the 
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percentage of the system capacity is predetermined as a threshold at which the 
frequency allocation control based on transmission power of mobile stations is 
started, and the threshold thus determined is preset in the frequency determining 
portion 302 in the frequency allocation device of each base station. 

[0087] The traffic monitoring portion 303 monitors communication traffic performed 

via the transceiver of the base station, and determines the amount of traffic using 
each communication frequency band and reports this to the frequency determining 
portion 302 with respect to each communication frequency band. 

[0088] The frequency determining portion 302 monitors the reports from this traffic 

monitoring portion 303. When the amount of traffic using the non-adjacent 
frequency bands is lower than the above-mentioned threshold value and a mobile 
station has newly entered the cell, the frequency determining portion 302 then sends 
the transceiver of the above given Fig. 3 a frequency allocation instruction for 
allocating one of non-adjacent frequency bands without considering whether the 
mobile station is a mobile station with a high transmission power or a mobile station 
with a low transmission power. Thereafter, if the amount of traffic on the non- 
adjacent frequency bands exceeds the above-mentioned threshold value, the 
frequency determining portion 302 sends the transceiver of Fig. 3 a frequency 
switching instruction for changing the communication frequency band from the 
present frequency band to an adjacent frequency band with respect to mobile stations 
with low transmission powers which are using the non-adjacent frequency band. In 
accordance with these instructions, the transceiver performs procedures to modify the 
uplink channel frequency of the mobile station to an adjacent frequency band. 
Additionally, while the amount of traffic using non-adjacent frequency bands is 
above the above-mentioned threshold value, the frequency determining portion 302 
performs a frequency allocation method wherein mobile stations with high 
transmission power are allotted non-adjacent frequency bands and mobile stations 
with low transmission powers are allotted adjacent frequency bands. 
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[0089] According to the above structure, non-adjacent frequency bands are allotted to 

the mobile stations regardless of the magnitude of the transmission power when the 
amount of traffic on the non-adjacent frequency bands is light, and the mobile 
stations are allotted communication frequency bands in accordance with the 
magnitudes of the transmission power when the amount of traffic on the non-adjacent 
frequency bands is heavy. 

[0090] The amount of interference received by a base station will change according 

to the number of mobile stations connected to the base station. 

[0091] Therefore, in order to enable appropriate frequency allocation to be performed 

in accordance with changes in the amount of interference, it is desirable to have a 
structure where the threshold value can be modified. 

[0092] That is, the threshold value forjudging the magnitude of traffic is made large 

when the number of mobile stations connected to a base station is small, and the 
threshold value is made small when the number of mobile stations connected to the 
base station is large. 

[0093] Here, when the number of mobile stations connected to a base station is small, 

the threshold value is large, so that non-adjacent frequency bands are allotted to both 
high power mobile stations and low power mobile stations until the traffic on the 
non- adjacent frequency bands becomes very heavy, thus increasing the traffic on the 
non-adjacent frequency bands. However, this does not cause any problems because 
the amount of interference at the base station in this case is small. 

[0094] On the other hand, if the number of mobile stations connected to a base station 

is large, then the threshold value is small, so that the mobile stations with low power 
are allotted and re-allotted to the adjacent frequency bands at stages in which the 
traffic on the non-adjacent frequency bands is comparatively light. 

[0095] When a large number of mobile stations are connected to the base station and 

the amount of interference in the base station is large in this way, the communication 
frequency bands used by each mobile station are appropriately divided into non- 
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adjacent frequency bands and adjacent frequency bands, thereby reducing adverse 
effects on the base stations due to increases in the amount of interference. 

[0096] While frequency allocation devices were provided in the base stations in the 

present embodiment and its modifications, it is also possible to provide the frequency 
allocation device in a network-side communication installation other than the base 
station. Additionally, the same shall hold true in cases in which the frequency 
allocation device is provided in other embodiments aside from the present 
embodiment. 

<Third Embodiment 

[0097] In cellular radio communication systems, macrocells with relatively large cell 

radii are formed in regions with low traffic such as suburbs. On the other hand, in 
regions with heavy traffic such as in city centers, microcells with cell radii smaller 
than those of macrocells are formed in addition to the macrocells in order to absorb 
the traffic which cannot be sufficiently covered with the macrocells. Additionally, 
there are also cases wherein microcells are formed to cover gap portions which are 
not covered by the macrocells. The present embodiment is applied to a radio 
communication system having microcells and macrocells. 

[0098] Fig. 5 shows a frequency allocation method according to the present 

embodiment. In the present embodiment, for example in the case of business A, the 
non-adjacent frequency bands A2 and A3 which are not adjacent to the frequency 
bands of the other businesses B and C among the communication frequency bands of 
this business A are used in macrocells, and the adjacent frequency bands Al and A4 
which are adjacent to the frequency bands of the other businesses B and C are used in 
microcells. 

[0099] The same is true for the cases of businesses B and C, so that the adjacent 

frequency band B4 of the business B and the adjacent frequency band CI of the 
business C are used in microcells, and the non-adjacent frequency bands Bl, B2 and 
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B3 of the business B and the non-adjacent frequency bands C2, C3 and C4 of the 
business C are used in macrocells. 

[0100] Here, macrocells have cell radii of e.g. 1.5 km to several tens of km, and the 

uplink transmission power has a maximum of several W and the downlink 
transmission power has a maximum of several tens of W in the cells. Additionally, 
the microcells have cell radii of e.g. 100-300 m, and the downlink transmission 
power has a maximum of several mW to several tens of mW, and the downlink 
transmission power has a maximum of 10 mW to several hundred mW in the cells. 

[0101] According to the present embodiment, since the transmission power of the 

microcell is operated at a lower power than that of the macrocells, it is possible to 
reduce the interference to adjacent channels due to leaked power. 

[0102] Additionally, since the uplink transmission power of the mobile stations is low 

in the microcells, it is possible to make the amount of increase of the transmission 
power large when performing control to increase the transmission power in response 
to interference. 

[0103] For this reason, there is the advantage that it is possible to readily handle 

interference between microcells between channels which are adjacent between 
businesses such as between the communication frequency bands Al and B4, and 
between the communication frequency bands A4 and CI. 

[0104] While systems operated by three businesses were given as examples in the 

above-described embodiments, the present invention is of course also applicable to 
systems operated by four or more businesses. 

[0105] Additionally, in the embodiment described above, the lowest communication 

frequency band Bl in business B and the highest communication frequency band C4 
in business C are non-adjacent frequency bands which are not adjacent to frequency 
bands of other businesses, and were therefore used in the macrocells. However, it is 
also possible to use these non-adjacent frequency bands Bl and C4 in microcells in 
consideration of the possibility of introduction of new businesses. 
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<Fourth Embodiment 

[0106] Next, a frequency allocation method in a radio communication system 

according to a fourth embodiment of the present invention shall be explained. 

[0107] Generally speaking, in voice communications in digital mobile 

communications, the voice data are compressed and sent at a low data rate so as not 
to obstruct bi-directional real-time conversation. Additionally, since a large code 
error occurs in digital mobile communications in comparison to wired 
communications, it is necessary to perform error correction coding on the compressed 
voice data. For this reason, the transmission quality, e.g. the values demanded for the 
code error rate must be set relatively weakly (e.g. BER (Bit Error Rate) = 1 x 10-3). 

[0108] Additionally, in packet communications, the data are divided into small 

blocks, and each block is transmitted via a radio channel, with retransmission control 
being performed when there is an error in a block. For this reason, when transmitting 
with a comparatively high error rate, or when an interruption occurs, no trouble 
occurs in the data transmission. 

[0109] On the other hand, in digital data communications, services which ensure 

high-speed throughput are generally offered. For this reason, there are limitations on 
data compression and powerful error corrections which add large amounts of 
redundant data. Furthermore, when retransmission due to data errors such as packet 
transmissions during high-speed transmission of video data in applications such as 
TV conferences, the delay in the data transmission time largely fluctuates, so that the 
applications to use in bidirectional real-time applications such as TV conferences 
become difficult. Due to these types of reasons, the demands for transmission quality 
such as BER in digital data communications are strict. 

[0110] Therefore, when offering services in the same service area, the maximum 

transmission power must be made larger in digital data communications than in voice 
communications or packet communications. 
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[0111] Thus, in the present embodiment, the adjacent frequency bands Al, A4, B4 

and CI which are adjacent to frequency bands allotted to other businesses among the 
communication frequency bands in the frequency bands allotted to each business are 
allotted to voice communications and packet communications in which the demands 
for transmission quality are low. In this case, the voice communication and packet 
communication channels are capable of being operated at low power, so as to enable 
the interference to the adjacent channels to be reduced. 

[0112] On the other hand, of the communication frequency bands among the 

frequency bands allotted to each business, the non-adjacent frequency bands A2, A3, 
Bl, B2, B3, C2, C3 and C4 which are not adjacent to the frequency bands of other 
businesses have little quality degradation due to interference. 

[0113] For this reason, these non-adjacent frequency bands are allotted to high-speed 

and high-quality digital data communications which require high power. 

[01 14] Here, there are cases in which the traffic for voice communications and packet 

communications is larger than the traffic for digital data communications. In this 
type of case, the non-adjacent frequency bands should be allotted to voice 
communications and packet communications. 

[0115] However, since digital data communications require high-speeds and high- 

quality due to the properties of the services, it is desirable to favor frequency 
allocation to digital data communications rather than voice communications and 
packet communications when there is sufficient digital data communication traffic to 
allocate to the non-adjacent frequency bands. 

[0116] As specific methods for controlling frequency allocation, there are the 

following two methods. 

[0117] (1) When the amount of data communication traffic is low, the non- 

adjacent frequency bands are allotted to voice communications and packet 
communications as well. When the amount of data communication traffic is large, 
the voice communications and packet communications which have already been 
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allotted to the non-adjacent frequency bands are changed to allocation to adjacent 
frequency bands. Additionally, when the data communication traffic is heavy, newly 
initiated voice communications and packet communications are allotted adjacent 
frequency bands. 

(0118] (2) All communications are first allotted non-adjacent frequency bands. 

After this allocation, if the data communication traffic is heavy, the allocation of the 
voice communications and packet communications are changed from non-adjacent 
frequency bands to adjacent frequency bands. 

[0119] In order to achieve these types of frequency allocation methods, a frequency 

allocation device as per Fig. 4 should be provided in intra-network communication 
installations such as base stations or mobile communication switching stations. 
However, in this case, a device must be provided to determine the types of 
communications performed by mobile stations newly entering range instead of the 
power distinguishing portion 301, and the structure of the frequency determining 
portion 302 must be changed so that the communication frequency band allotted to 
the mobile stations according to the communication type as determined by the device 
will be chosen. 

[0120] According to the present embodiment as described above, the transmission 

speed is low for voice communications and packet communications allotted adjacent 
frequency bands, so that the demanded quality is also low and the transmission power 
can be low as well. For this reason, when performing control to increase the 
transmission power in response to interference between businesses, the amount of 
increase can be made large, so that it is possible to respond to interference between 
channels which are adjacent between businesses such as between communication 
frequency bands Al and B4 or between communication frequency bands A4 and CI 
by increasing the output power. 

[0121] Furthermore, during packet communications, leaked signals are sent out only 

when a packet is radio transmitted. Therefore, when an adjacent frequency band is 
allotted to packet communications as in the present embodiment, the probability of 
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occurrence of adjacent channel interference can be reduced in comparison to cases of 
allocation to other types of communication. 

[0122] In the embodiment described above, an example of a system operated by three 

businesses was given, but the present invention is of course also applicable to 
systems operated by four or more businesses. 

[0123] Additionally, in the embodiments described above, the lowest communication 

frequency band Bl of the business B and the highest communication frequency band 
C4 of the business C are non-adjacent frequency bands which are not adjacent to the 
frequency bands of other businesses, and are allotted to data communications. 
However, when considering situations such as, for example, the introduction of new 
businesses, it is also possible to allocate these non-adjacent frequency bands Bl and 
C4 to voice communications and packet communications. 



